Computers can solve some of our most vexing problems. What if we don'tlike the answers?

Boston’s battle over an algorithm and school buses offers a cautionary tale.

BY DAVID SCHARFENBERG

EARS OF RESEARCH have shown that teenag-

ers need their sleep. Yet high schools often start
very early in the morning. Starting them later in
Boston would require tinkering with

ueto build an algorithm that could do the enormously
complicated work of changing start times at dozens of
schools — and rerouting the hundreds of buses that
serve them.

Martin, a bright-eyed Frenchman, and Delarue, a

and middle school schedules, too — a Gordian
knot of logistics, pulled tight by the weight of inertia,
that proved impossible to untangle.
Until the computers came along.
Last year, the Boston Public Schools asked MIT
graduate students Sébastien Martin and Arthur Delar-

thin, had already d

impressive bus route optimization for the district, al-
lowing officials o take 50 vehicles off the road at asav-
ings of some $5 million. And they took to the new proj-
ectwith gusto, working 14- and 15-hour days tomeeta
tight deadline — and oceasjonally waking up in the
‘iddle of the night to feed new informationtoa

sprawling MIT data center.

The machine they constructed was a marvel. Sort-
ing through 1 novemtrigintillion options — that’s 1 fol-
lowed by 120 zeroes — the algorithm landed on a plan
that would trim the district's $100 milion-plus trans-
‘portation budget while shifting the overwhelming ma-
Jority of high school students intolater start times.

The potential benefits were striking: Sleep-deprived
teens are at increased risk for poor academic perfor-
nance, binge drinking, and suicide. And district offi-
clals were thrilled about the prospect of more shut-eye
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By DAviD JENEMANN

COUPLE OF YEARS ago, I'was

part of a group that took a team of

11-and 12-year-olds to play base-

‘ballin Havana, Cuba. One day, as

Twas heading out to play catch
‘with my son, a voice called out: “Oye! Segunda
base?”

“8i?” I said with some hestation. I do, in
factplay second base for an over-35 baseball
team. It musthave been my quizzical stare that
caused the man, one of the Cuban hosts of the
trip, to hold up his left hand and, spreading his
fingers wide, use his right hand to point at my
baseball giove. “Segunda base!” he insisted.

The man had looked at my glove and seen
that it was only 11 1/4 inches — one-quarter
inch smaller than the next smallest glove I
could wear. That quarter inch makes it the
smallest glove on the field, and it makes me a
second baseman. In an instant, my glove had
communicated a world of information about a
40- ‘professor to a Cuban
‘baseball coach, mainly — since he had also
played second base — that he had found a

iot.

As the playoffs approach, it's worth paying a
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for their oldest students.

“This is a very exciting eve-
ning,” Chang, then su-
perintendent, told the Globe in
December, justbefore akey
school committee vote. “This is
a problem that nobody thought
‘we could solve, and we are go-
ing to solve it tonight”

The algorithm was poised to
put Boston on the leading edge
of a digital transformation of
government. In New York, offi-
cials were using a regression
analysis tool to focus fire in-
spections on the most vulnera-
ble bufldings. And in Allegheny
County, Pa., computers were
churning through thousands of
‘health, welfare, and criminal
Jjustice records to help identify
children atrisk of abuse.

The potential, says Stephen
Goldsmith, a former mayor of
Indianapolis who now runs the
Data-Smart Clty Solutions proj-
ect at Harvard University, is
enormous; “more effective utili-
zation of public resources, more
individuals he}ped, ‘more prob-
lems pre

‘While elected officials tend
tolegislate by anecdote and
oversimplify the choices that
voters face, algorithms can
chew through huge amounts of
complicated information. The
‘hope is that they’Tl offer solu-
tions we've never imagined —
‘much as Google Maps, when
you're stuckin traffic, puts you
on an alternate route, down
streets you've never traveled.

Dataphiles say algorithms
may even allow us to filter out
the human biases that run
through our eriminal justice,
soclal service, and education
systems. And the MIT algo-
rithm offered a small window
into that possibility. The data
showed that schools in whiter.
better-off sections of Boston
were more likely to have the
school start times that parents
prizemost — betsveen 8 and 9
a.m. The mere act of redistrib-
uting start times, if aimed at
solving the sleep deprivation
‘problem and saving money:
could bring some racial equity
to the system, too.

Or, thewhole thing could
turn into a political disaster.

District officlals expected
same pushback when they re-
leased the new school schedule
on a Thursday night in Decem-
ber, with plans to fmplement in
the fall of 2018, After all, they'd
‘be messing with the schedules
of families all over the city.

ut. the
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Big tradeoffs

Last year, the Boston Public Schools set out to reconfigure start
times. The district wanted high school students to start later in
the moming so they could get more sieep, improving their health
and academic performance. it also wanted to frim fransportation
costs. Officials asked a pair of MIT graduate students to build an
algorithm that could do the job,

As the graduate students and district dug into the work, they
confronted these baseline realities: Only a quarter of high school
students started school after 8 a.m, Less than half of BPS parents
were happy with their children’s start times. And the district was

600 buses to transport kids to school at 2 cost of tens of
millions of dollars,

OPTION 1

Officials faced a number of difficult trade-offs. They could
calibrate start times to minimize the number of buses required
and save as much money as possible. But fewer parents would
be happy with the results,

i
56%

of high school students

‘would start after 8 am.

37%

of parents would
be satisfied
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OPTION 2: Maximize parents’ preferences

The district could start every high schooler after & a.m., and give
more elementary and middle school parents start times they'd be
happy with. But that would require more buses and himer costs.
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OPTION 3: Balance savings and health

crush of opposition that fol-
lowed. Angry parents signed an
online petition and filled the
school committee chamber,
turning the planinto one of the
‘biggest crises of Mayor Marty
‘Walsht's tenuare. The city sum-
‘marily dropped it. The failure
‘would eventually play a role in
the superintendent's resigna-
tion.

Itwas a sobering man:\ent
for a publi

Ulti , officials picked a soiution, from one of thousands
generated by the algorithm, that attempted to balance several
goals — student health, cost savings, and parental happiness, But
opponents said the formula had some big blind spots.

40%

of parents would

‘turning to computer scientists
for help in solving nagging poli-
cy problems. What had gone
‘wrong? Was it a problem with
the machine? Or was it a prob-
lem with the people —both the
‘bureaucrats charged with intro-
ducing the algorithm to the
pubtic, and the public itself?

S ALGORITHMS HAVE

taken on alarger rolein

state and local gover-
nance, they've attracted mount-
1ing criticism.

Books with titles such as
“Weapons of Math Destruction”
and “Automating Inequality”
‘have warned that formulas,
though capable of stamping out
human biases, can also repli-
cate and supersize them.

‘Take the crime prediction
software police departments
use to deploy officers and.
equipment. It relfes, in part, on
past interactions with law en-
forcement. But peaple of color
are picked up for “nuisance
crimes” at disproportionate
rates.

The data, in other words, are
biased. And if the software uses
them to recommend a heavier
police presence in black and La-
tino neighborhoods, that can
lead to more arrests for the sort
oflow-level crimes that go un-
punished in other places. Those
arrests are then fed into the al-
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the number of elementary
school students dismissed after
4 p.m, so theywouldn’t have to
travel home in the dark; accom-
‘modate the needs of special ed-
ucation students wherever pos-
sible; and generate transporta-
tion savings that could be
reinvested in the schools.

Butin retrospect, it's clear
that the school officials who
communicated with the public
about the algorithm fell short in
atleast one crucial respect.

Big districts stagger their
start times so a single fleet of
‘buses can serve every school:
dropping off high school stu-
dents early in the morning,
then circling back to get the ele-
‘mentary and middle school
kids.

If you're going to push high
school start times back, then
you've probably gottomovea

ot of elementary and middle
schools into earlier time slots.
The district knew that going in,
and officials dutifally quizzed
thousands of parents and teach-
ers at every grade level about
their preferred start times.

But they never directly con-
fronted constituents with the
sort of dramatic change the al-
gortthm would eventually pro-
pose — shifting school start
times at some elementary
schools by as much as two
‘hours. Evenmore.

SEPTEMBER 23, 2018

The opposition had crested.  inherently political world,” he
Soon, the algorithm would says, “and sometimes, politics
crash. are going to trump science. But

if the science can illuminate the
N THE END, the school disparities, that’s better than
start ttme quandary was continuing in ignorance”
more political than techni- Once a problem has been
cal. identified, it's hard to forget

‘The MIT algorithm had aboutit. And evenifit’s pushed
done all the city could reason-  aside now; it can be picked up
ably ask. It had sorted through ~ again later. That’s certainly
more possibilities than anyhu-  what the MIT students are hop-
man being could possibly con-  ing for. Maybe, they say, if
template. And it had come up school officials took up the al-
‘with a solution no bureancrat gorithm again — and if they
had ever mustered. ‘better engaged parents — they

Butitwas peoplewhomade  could come up with a better
the final call. Peoplewith com-  system than the one they have
peting interests and a mish- now. !rnperfect perhaps. But
mash of Thiswas better “With the
afundamentally human con- algorithm,” says Martin, “it’s so
flict, and all the computing easy to improve, alot, on the
power in the world couldn’t things that matter”
solveit. ‘The district, stung by last

Ifanything, the algorithm year’s blow-up, seems unlikely
fueled the conflict and made to change bell times in the near
the choices stark. Before the future. But perhaps Martin and
district commissioned the for- ~ Delarue can take the idea else-
'mula, few parents had thought ~ where. Last year, even after ev-
about the interplay between erything went sideways in Bos-
Thigh school start times and ton, some 80 school districts
teenage sleep deprivation. And  from around the country
even fewer understood that reached out to the whiz kids
starting high school later wonld ~ from MIT, eager for the algo-
‘mean sending younger kidsto  rithm to solve their problems.
school earlier. —

But even if the algorithm Daoid Scharjenberg can be
flopped, says Goldsmith, the reached at
former Indianapolis mayor david.scharfenberg@globe.comn
‘who now runs Data-Smart Clty ~ Follow hérn on Tweitier

at Harvard, itwas @dscharfGlobe

facing a 9:30 to 72 lss.m.shlﬂ:.
And for many, that was intolera-
‘ble. They’d have to make major
changes towork schedules or
even quit their jobs, And be-
cause their kids would have to
gotobed so early, they'd miss
out on valuable family time in
the evening.

Thesewere the concerns at
the heart. of an uprising that
had parents buttonholing the
ayor ata Christmas tree ight-
ing in West Roxbury and wav-
ing “Families over Algorithms”
signs at a packed school com-
mittee meeting. “We are trfure-
ated? one father declared. as
the crowd erupted in applause.

Martin and Delarue, the MIT
students, were at that meeting.
Theywere sympathetic. Maybe
the process had gone wrong
somewhere. Maybe the district
‘hadn’t adequately engaged the
parents.

They couldn’t help but no-
tice, though, that most of the
critics hafled from wealthier
sections of the city. The MIT
teamn had built a formula that
‘promised racial equity — dis-
tributing the best school start
‘times more evenly across white,
‘black, and brown neighbor-
‘hoods. And here were the most
active, politically connected
families in the city trying to
spikeit.

Sure, the district officials
‘who pushed the algorithm into
the public sphere had made
some mistakes. But what about
the people who were receiving
it? Were they really doing the
rightthing? Were they being
fairminded?

“Irecognize if you have two
or three children who need to
‘be picked up at a particular
time, and you organize your life
around that, and it's drastically
changing — I recognize how
hard that is,” says Dimitris Bert-
simas, the MIT students’ advis-
er. “But you put zero weight on

the rest of soclety?”

The moral equation wasn’t
quite that simple, though. It's
not clear the white parents who

gorithm, and the cycle contin- academic journal, packed the school cotnmittee
ues. Of course, publication atthe  knew much, if anvthing, about

‘What's particularly insidi- time of the controversy would the racial dispartties the algo-
ous aboutthis kind of bias, erit-  have been ideal. But as Rutgers  rithm Tem
ies say, is that 1t's cloaked inthe  law professor Ellen P. Good- Anda coup]eofdaysaﬁerme
“neutraltty” of machines. The man argues, an “open source” school committee meeting, the
computer, the average nser fig-  algorithm isn’t the end-all, be- ‘NAACP and the Lawyers’ Com-
ures, must be right. all of transparency. ‘mittee for Civil Rights and Eco-

That leads to the second ma- “It's both too much, andtoo  nomie Justice actually came out:
jor complaint: Too often, the al-  Httle” she explains. Too much, against the plan.
gortthms are black boxes. Bu- ‘because most people can’t Even {f the algurlmm pmm—
reancrats don’thave the time or  make sense of an ised to reduce
‘know-how to construct them, and too little, because the for- upheaval involved — with near—
sothey turn to private vendors  mmula doesn’t tell you enough 1y 85 percent of the district get-
‘who have a proprietary interest ~ sbout the data it's crunching. ting new start times —would
in keeping their formulas se- Meaningful transparency, ‘it black and brown families es-
cret. Mayors and superinten- she says, requires a clear expla-  pecially hard. the groups ar-
dents can insist on en-  nation of what an algorithm gue
cy, of course, but they mayhave  aims to do, which factors it “We know our parents of col-
trouble getting anyone to bid considers, and how much or are disproportionately Hkely
on their projects. ‘weight it gives them. to have lower-wage jobs that

By some measures, the MIT The Boston Public Schools will make it harder for them to
algorithm stacks up prettywell  took some notable steps in that h to meet the
against the standard estab- direction. Just before the re- new dernands.of BPS, let alone
lished by critics. Martin and lease of the new bell times, the  pay more money for additional
Delarue aren’t private vendors.  school commmittee laid out the child care after school,” said
They're graduate students who  algorithm’s four guiding princi-  Matt Cregor, education praject
arewllling tosharetheirwork.  ples: increase the number of director at the Lawyers’ Com-
Even now, they'reworking to high school students starting mittee, in an interview with the
publish their algorithm in an school after 8 a.m.; decrease Globe.

‘worth pursuing. “We livein an

Applying the algorithm

One way to think about the choices presented by the MIT
algorithm is to focus on individual schools. Hoping to reduce the
number of buses on the road and save the school district
money? That would place certain restrictions on a given school's
possible start times.. Willing to pay for more buses so parents
can get the start times they prefer? That opens up other
possibilities, Want to balance several goals, like cost, parental
satisfaction, and student health? That yields yet anather set of
options, Below, two case scenarios: one for Burke High School
and another for Manning Elementary.

Scenario:

Manning Flementary

The bell time for Manning Elementary in the 2017-18

school year was 30 a.m.

if the goal is minimizing costs, the start time would fall before 8
a.m. in 30 percent of the scenarios generated by the algorithm,
between 8 a.m. and 9 am. in 11 percent of the scenarios, and
after 9 am. in 57 percent. If the goal is satisfying parent
preferences, the numbers would ook different; while a BPS
parent survey found that prefeirred start times vary widely, the
most popular ime at virtually every school is between & a.m.
and 9 a.m. And if, like BPS officials, you have a mix of goals —
including lower costs and later school start times for high
schoolers — the numbers come out yet another way.

BELL
TIME

Before
8 am.

Savings, later
start times

8-9
am.

After
9am,

Seenario: Burke High School

The bell time for Burke High School in the 2017-18 school

year was 7:25 a.n.

If the goal is minimizing costs, ﬂ'\e start time would fall before 8

a.m. in 20 percent of the by the alg 3

between 8 a.m. and 9 am, in 11 percent of the scenarios, and
after $ am. in 68 percent.

BELL =
TIME Savings, later

start times

Parents’
preference

Before
8am.

After
9 am,




